Optimal pre-hospital care for out-of-hospital cardiac arrest (OHCA) caused by respiratory disease may differ from that for OHCA associated with other aetiologies, especially with respect to respiratory management. We aimed to investigate whether pre-hospital advanced airway management (AAM) was associated with favourable outcomes after OHCA caused by intrinsic respiratory disease. This nationwide, population-based, propensity score-matched study of adult patients in Japan with OHCA due to respiratory disease from 1 January 2005 to 31 December 2012 compared patients with and without pre-hospital AAM. The primary outcome was neurologically favourable survival at one month after the OHCA. Of 49,534 eligible patients, 20,458 received pre-hospital AAM and 29,076 did not. In a propensity score-matched cohort (18,483 versus 18,483 patients), the odds of neurologically favourable survival were significantly lower for patients receiving pre-hospital AAM (0.6% versus 1.5%; odds ratio [OR] 0.42 [95% confidence interval {CI} 0.34 to 0.52]). The results from multivariable logistic regression analysis also showed that pre-hospital AAM was significantly associated with a decreased chance of neurologically favourable survival (adjusted OR 0.43 [95% CI 0.35 to 0.52]). Similar findings were observed for one-month survival and pre-hospital return of spontaneous circulation. In subgroup analyses, pre-hospital AAM was associated with poor neurological outcomes, regardless of the type of airway device used (laryngeal mask airway, adjusted OR 0.35 [95% CI 0.19 to 0.57]; oesophageal obturator airway, adjusted OR 0.44 [95% CI 0.35 to 0.55]; and endotracheal tube, adjusted OR 0.47 [95% CI 0.30 to 0.69]). In conclusion, pre-hospital AAM was associated with poor neurological outcome among patients with OHCA caused by intrinsic respiratory disease.
Introduction
The chain of survival, including advanced life support, is considered essential in cardiopulmonary resuscitation (CPR) for out-of-hospital cardiac arrest (OHCA) 1 . However, there are arguments for and against pre-hospital advanced life support, including epinephrine (adrenaline) administration and advanced airway management [2] [3] [4] [5] . In particular, past studies that focused on pre-hospital advanced airway management indicated that such management might be associated with poor outcomes [6] [7] . However, most of the studies did not involve detailed analyses focusing on OHCA due to respiratory disease. The optimal care for OHCA resulting from respiratory disease may differ from that for cardiac arrest associated with other aetiologies, especially with respect to the respiratory management applied.
The aim of our study was to determine whether prehospital advanced airway management was associated with favourable outcomes of OHCA caused by respiratory disease.
Materials and methods

Study design and participants
The All-Japan Utstein Registry is a nationwide, populationbased registry of all OHCA patients in Japan. It is managed by the Fire and Disaster Management Agency (FDMA) through a standardised Utstein-style data collection 8, 9 . The design of the registry and the emergency medical service (EMS) system in Japan have previously been described in detail 6,10-13. In brief, all OHCA (defined as no palpable central pulse, apnoea, and unresponsiveness) patients of all aetiologies and for whom resuscitation was attempted were identified and followed. In Japan, EMS personnel are not allowed to terminate resuscitation out of hospital except in specific situations such as decapitation, rigor mortis, livor mortis, and decomposition. In addition, advance directives, living wills, or do-not-resuscitate (DNR) orders are not generally accepted. Therefore, almost all OHCA patients are treated and transported to an emergency hospital. Data were collected from three sources that together define the continuum of CPR for OHCA: emergency services dispatch centres, fire stations, and receiving hospitals.
Data from adult patients aged 18 years or older with OHCA caused by respiratory disease were analysed. Only patients without an extremely long pre-hospital time were eligible (time from call to contact with patient <60 minutes and time from contact with patient to hospital arrival <120 minutes) because patients with an extremely long pre-hospital time may have abnormal pre-hospital circumstances and outcomes. Patients with missing or unknown data on age, aetiology of OHCA, pre-hospital advanced airway management, date and time (onset, call receipt, contact with patient, or hospital arrival), other prehospital information (e.g. bystander status and pre-hospital care), or outcomes were also excluded from the analysis. Missing or unknown data accounted for <0.5% of the total number.
This study was conducted in accordance with the amended Declaration of Helsinki. The FDMA and the institutional review board of the University of Tokyo approved the study with a waiver of informed consent because of the anonymous nature of the data (10096-1).
Procedures
Data were collected prospectively by using an Utsteinstyle template including information on sex, age, aetiology of OHCA, bystander witness status, bystander CPR status, public access automated external defibrillator (AED), first documented rhythm, presence of an emergency life-saving technician (ELST, highly trained EMS personnel) or physician in the ambulance, and pre-hospital advanced life support (including epinephrine [adrenaline] administration and advanced airway management). The date and time of onset, a series of EMS times (call receipt, vehicle arrival at the scene, contact with patients, initiation of CPR, and hospital arrival), and pre-hospital return of spontaneous circulation (ROSC) time were also recorded.
The aetiology of OHCA was categorised as either cardiac or non-cardiac. The aetiology of OHCA was presumed to be cardiac unless there was evidence to suggest a noncardiac cause 9 . Non-cardiac causes were subdivided into respiratory disease (including pneumonia, tuberculosis, chronic obstructive pulmonary disease, or asthma), stroke, malignant tumour, external causes (including asphyxia, drowning, trauma, burn, or intoxication), or other noncardiac causes (including aortic aneurysm rupture, aortic dissection, or pulmonary embolism). Although the aetiology of OHCA among survivors was probed during the hospital stay, the aetiology of OHCA for decedents was determined by the attending physicians at the emergency department in collaboration with EMS personnel or coroners based on information on the witnessed situation, clinical course, medical history, physical findings, examination findings, imaging, or autopsy.
Airway management for OHCA patients was performed by the EMS personnel according to a fixed protocol in each municipality. However, these protocols are basically similar. The decision whether basic (bag-valve-mask ventilation) or advanced (endotracheal intubation or supraglottic airway device) airway management should be implemented depended on the medical control director's instruction, which was not randomised. Even if advanced airway management was selected, bag-valve-mask ventilation was also provided until advanced airway management was accomplished. If a physician was available in the ambulance, they could determine the necessity for advanced airway management and perform it by themselves. However, in most cases, physicians were not available in the ambulance. An ambulance crew usually consists of three EMS personnel, which includes at least one ELST who is permitted to use a supraglottic airway device for OHCA patients under the direction of the medical control director. Endotracheal intubation can be performed by specially trained ELSTs who have completed an additional 62 hours of training and experienced 30 supervised successful intubations in operating rooms 6 . The decision on which type of airway devices should be used depended on the skill of the EMS personnel. In principle, EMS personnel are not allowed to attempt advanced airway management more than two times in the pre-hospital setting. In addition, multiple devices are not usually used. Only successful attempts were recorded on the Utstein-style template. In addition, EMS personnel are not allowed to attempt advanced airway management after ROSC.
Patients were followed up at one month by the EMS personnel in order to collect data on one-month survival and neurological status after OHCA and to reconfirm the aetiology of OHCA. The EMS personnel queried the medical control director of the hospital and received a written response unless the patient was transferred to another hospital. In the case of transfer, the EMS personnel conducted the follow-up investigation. The neurological status was determined by the attending physician caring for the patient by using Glasgow-Pittsburgh cerebral performance category (CPC) scores. A CPC score of 1 or 2 (good performance or moderate disability, respectively) was defined as a favourable neurological outcome, while a CPC of 3, 4, or 5 (severe disability, vegetative state, or death, respectively) was considered a poor neurological outcome 9, 14 .
Data forms were completed by the EMS personnel, and the data were integrated into the All-Japan Utstein Registry system on the FDMA database server. The data were logically checked by the FDMA using the computer system, and the data forms were returned to the respective fire stations for reconfirmation unless the data were complete.
Statistical analysis
The baseline characteristics were described as proportions for categorical variables and as means with standard deviations or medians with interquartile range for continuous variables.
Because of the lack of randomisation, a propensity score approach was used to adjust for selection bias and confounding. By using a multivariate logistic regression model, a propensity score for receiving pre-hospital advanced airway management was estimated for each patient. The following variables were included in the model: sex, age, witness, bystander CPR, public access AED, first documented rhythm, presence of an ELST in the ambulance, presence of a physician in the ambulance, pre-hospital epinephrine (adrenaline) administration, time from call receipt to contact with patient, and time from contact with patient to hospital arrival. A 1:1 nearest-neighbour matching on the propensity score with a calliper ≤0.2 without replacement was performed between patients receiving and those not receiving pre-hospital advanced airway management 15 . The standardised differences for each variable were calculated, and we assessed the success of the propensity matching procedure by comparing the distribution of patient characteristics in the matched cohort. The frequencies of each outcome for patients receiving versus those not receiving pre-hospital advanced airway management were compared by McNemar's test, and odds ratios (ORs) were reported with 95% confidence intervals (CIs).
We also used multivariate logistic regression models to determine the association between advanced airway management and outcomes for the total cohort. A treatment group variable (with or without pre-hospital advanced airway management) and the same variables listed above for the estimation of the propensity score were included in the models. The results from the logistic regression analyses were reported as adjusted ORs with 95% CIs.
In addition, we further examined whether the association between pre-hospital advanced airway management and neurological outcome differed across subgroups based on sex (male or female), age (18 to 64 or ≥65 years), witness (presence or absence), first documented rhythm (shockable or non-shockable), time from call receipt to contact with patient (<10 or ≥10 minutes), time from contact with patient to hospital arrival (<30 or ≥30 minutes), physician in the ambulance (presence or absence), and airway device (laryngeal mask airway, oesophageal obturator airway or endotracheal tube). For each subgroup, adjusted ORs with 95% CIs were reported using a logistic regression model that included the same variables used in the regression models for the total cohort.
All statistical analyses were conducted using JMP Pro 11.0.0 software (SAS Institute Inc., Cary, NC, USA). All tests were two-sided with a significance level of 0.05.
Results
In total, 925,288 OHCA cases were documented between 1 January 2005 and 31 December 2012. Patients with missing or unknown data (4,036 [<0.5%] of 925,288 OHCA patients) were excluded. We identified 49,534 adult patients with OHCA, presumably resulting from respiratory disease, who received treatment without significant delay (time from call to contact with patient <60 minutes and time from contact with patient to hospital arrival <120 minutes); 20,458 received pre-hospital advanced airway management and 29,076 did not. After propensity score matching, the 18,483 patients who received pre-hospital advanced airway management were matched with 18,483 patients who did not ( Table 1 , Figure 1 and Table 2 ). Table 2 shows the clinical characteristics of the total and propensity score-matched cohorts. In the propensity scorematched cohort, the baseline characteristics were well balanced between the group with pre-hospital advanced airway management and the group without. An oesophageal obturator airway was used most frequently (more than twothirds of all cases) as an airway device in the pre-hospital advanced airway management group. In addition, similar findings were observed in the one-month survival and pre-hospital ROSC groups. Table 4 summarises the clinical outcomes and adjusted ORs in the unmatched total cohort for patients receiving pre-hospital advanced airway management versus those not receiving it. After adjusting for potential confounders, patients receiving pre-hospital advanced A treatment group variable (with or without pre-hospital advanced airway management) and the same variables used for the estimation of the propensity score were included in the models. OR, odds ratio; CI, confidence interval; CPC, Glasgow-Pittsburgh cerebral performance category; ROSC, return of spontaneous circulation.
Discussion
In this nationwide, population-based, propensity scorematched study of patients with OHCA caused by respiratory disease, we found that pre-hospital advanced airway management was associated with poor neurological outcome. To our knowledge, this is the first cohort study to assess in detail the impact of pre-hospital advanced airway management on the outcomes of OHCA caused by respiratory disease. Because of the population-based collection of data and the use of propensity score matching and multivariable regression modelling, the findings of this study were robust.
The results of our investigation, limited to OHCA resulting from respiratory disease, were consistent with those of prior studies involving various OHCA aetiologies 6, [16] [17] [18] [19] [20] [21] . Those studies have suggested that pre-hospital advanced airway management leads to decreased one-month overall or neurologically favourable survival rates. The results of our research were in contrast to our prediction that pre-hospital advanced airway management would improve outcomes in cases involving OHCA caused by respiratory disease. Both direct and indirect causes are thought to be responsible for adverse effects appearing in conjunction with pre-hospital advanced airway management. Hyperventilation 22, 23 or hyperoxia [24] [25] [26] [27] [28] are thought to be direct causes. For instance, hyperventilation resulting in increased intrathoracic pressure would likely be disadvantageous with respect to ROSC, and oxidative stress resulting from hyperoxia could potentially lead to neurological injury. In addition, adverse effects resulting from the difficulty of performing the techniques involved in pre-hospital advanced airway management may be an indirect cause. Specifically, disruption of ventilation and chest compressions sustained while performing these techniques may be disadvantageous to patients [29] [30] [31] .
We also conducted a subgroup analysis based on the type of airway device used. Some studies have indicated that the supraglottic airway device might shorten the interruption of ventilation and chest compression accompanying advanced airway management techniques compared to endotracheal intubation [32] [33] [34] . However, pre-hospital advanced airway management using only supraglottic airway devices was associated with poor neurological outcomes in our study. Or rather, the neurological outcomes among patients receiving pre-hospital advanced airway management with a supraglottic airway device tended to be worse compared with those who had endotracheal intubation. This tendency was similar to past individual studies performed in different study settings 16, 35 , and a meta-analysis 36 , although these past studies included various aetiologies of OHCA patients.
Pre-hospital advanced airway management was also associated with poor neurological outcomes regardless of whether the patient was attended by a physician while in the ambulance. Although the physician in the ambulance was not always an expert in airway management, the physicians were likely more proficient in performing advanced airway management compared to the EMS personnel. Rather than the indirect disadvantages resulting from an unfamiliarity with advanced airway management techniques, there were indications that the direct disadvantages of advanced airway management itself (such as hyperventilation and hyperoxia) may be more closely associated with poor neurological outcomes.
Additionally, we conducted an exploratory subgroup analysis based on whether pre-hospital ROSC had been achieved (Table 6 ) due to the concern that there might be an imbalance in the severity or distribution of types of respiratory diseases between the two groups with and without pre-hospital advanced airway management. Although it was impossible to adjust for the severity or The same variables used in the regression models for the total cohort were included in the models. OR, odds ratio; CI, confidence interval.
distribution of the types of respiratory diseases between the two groups in our study, we utilised pre-hospital ROSC as a surrogate marker because this variable could likely reflect them. The results of this subgroup analysis also showed that pre-hospital advanced airway management was associated with poor neurological outcomes regardless of whether pre-hospital ROSC was achieved. This study has several limitations. First, although propensity score matching and regression modelling were used to control for selection bias and potential confounding, it is difficult to completely remove these. Although, whether advanced airway management was performed or not depended on the instruction given by a medical control director at a dispatch centre; that instruction might have been influenced by patient status or insufficiency in bag-valve-mask ventilation, as well as municipalityspecific airway management protocols. In addition, the type of airway device selected strongly depended on the skill of the EMS personnel. These unmeasured confounders could have significantly influenced the results. Second, the generalisability of our findings to other countries is uncertain. Different airway management protocols or training systems might result in different results. Third, no qualitative data related to pre-hospital advanced airway management were obtained. No information related to cases involving failed attempts to implement advanced airway management or cases where advanced airway management implementation was delayed could be obtained. In the All-Japan Utstein Registry, all of the patient data were de-identified, thus it is impossible to compare these data and medical record data at the individual patient level. Fourth, no data were obtained concerning the severity or detailed types of respiratory diseases. There might be an imbalance in severity or type of respiratory disease between the two groups. In addition, as we could not extract only OHCA patients with asphyxia and drowning, differentiating from those with other external causes, we dealt with only intrinsic respiratory disease. Fifth, the autopsy rate in Japan is low. Thus, the diagnoses were not always definitive. Some patients with OHCA resulting from respiratory disease may have been categorised in the group with presumed cardiac aetiology. Sixth, no information could be obtained with respect to several other important factors (e.g. targeted temperature management, cardiac catheterisation, implementation of extracorporeal life support, or DNR orders). Finally, the findings of this study might indicate association and not causality due to the potential for residual confounding.
Conclusion
In conclusion, in a nationwide, population-based, propensity score-matched study, we found that pre-hospital advanced airway management was associated with poor neurological outcome after OHCA caused by respiratory disease in Japan. However, careful consideration is required to interpret these findings as the study design does not completely eliminate all potential confounders that could have influenced the outcomes.
